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In recent years, it has become evident that pre-conceptual exposure of males to various environmental factors induces epigenetic changes in sperm, which can mediate the transmission of acquired traits in their offspring. The most thoroughly examined paternal exposures involve stress and elevated corticosterone, which have been shown to modulate offspring phenotypes in a manner that is relevant to predisposition to brain disorders, and psychiatric illness in particular. Recent seminal studies have demonstrated that key epigenetic information transmitted via the paternal germline involves small non-coding (snc) RNA transcripts such as microRNAs. Following fertilisation, these sncRNAs appear to regulate development so as to modify the phenotype of the offspring. Understanding the mechanisms involved in such transgenerational effects may facilitate future screening of human sperm for 'epigenetic health' and the tailoring of therapeutic interventions according to genetic and epigenetic contributions to illness.
Introduction
Environmental influences during critical periods of development contribute to an individual's vulnerability or resilience to stress-induced psychopathological condi-
]. For example, maternal stress experienced during the first trimester of pregnancy is associated with an increased risk of schizophrenia for the offspring in adulthood [5] . There is also a strong link between postnatal depression in care-giving mothers and the onset of anxiety-related disorders in their adolescent offspring [6] . On the other hand, exercise, positive mother-infant interactions, and enriched lifestyles are associated with later-life resilience to stress-linked psychopathologies [7] . In recent years, the transgenerational effects of the paternal environment have received much scrutiny. One major challenge is to identify the biological mechanisms underlying the transgenerational influence of parental environmental factors, including their specificity with respect to particular sorts of environmental signals.
It is firstly essential to clarify the mechanistic differences between intergenerational and transgenerational inheritance. Intergenerational inheritance implies that the parent (F0) and offspring (F1) are subject to direct exposure to the environmental factor (e.g., stress during pregnancy impacting on in utero development of the foetus). In contrast, transgenerational inheritance occurs when the environmental exposure is before conception of the F1 generation with phenotypic changes also manifesting in the F2 generation [see Ref.
[8] for further reading]. Epigenetics refers to the molecular mechanisms that regulate heritable changes in gene expression which do not depend on variations in the underlying genetic code [see Ref. [9] for recent review on key epigenetic mechanisms]. These include chromatin remodelling through DNA methylation, histone protein modifications and changes to the expression levels of non-coding RNAs. Traditionally, this epigenetic variability was thought to be primarily associated with establishing and maintaining cellular diversity and/or cell fate decisions across the lifespan. Growing evidence indicates that perturbation of transgenerational epigenetic inheritance processes results in negative health trajectories of subsequent generations. For example, abnormal genomic imprinting (the inheritance of DNA methylation patterns on specific genes) results in a range of syndromes [10] . A range of parental non-genetic/environmental factors
